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Increased  interest  in  respiratory  protective  devices  for  operators  handling 
pesticides  began  in  1947  and  1948,  when  parathion  and  other  extremely  dangerous 
phosphorus  compounds  were  found  highly  effective  in  controlling  insects  in  green- 
houses and  on  agricultural  crops.    The  former  U.S.  Bureau  of  Entomology  and 
Plant  Quarantine  initiated  an  investigation  of  such  devices.     On  June  22,  1949,   it 
issued  a  statement  on  minimum  safeguards  to  be  observed  in  filling  greenhouse 
aerosols  containing  parathion,  other  organic  phosphorus  chemicals,  and  methyl 
chloride  produced  under  license  agreements  issued  under  U.S.  Patent  2,321,023 
(a  public-service  patent  assigned  to  the  Secretary  of  Agriculture).    In  this  statement 
were  mentioned  three  commercially  available  gas-mask  canisters  that  had  been 
found  to  give  adequate  protection  against  these  insecticides.    Also  included  were 
other  precautionary  measures  to  be  observed. 

No  suitable,  fully  effective  respirators  were  found  to  be  available  for  protecting 
operators  in  the  field  from  inhalation  of  dusts  or  mists  of  parathion  and  related 
phosphorus  insecticides.    The  Interdepartmental  Committee  on  Pest  Control 
sponsored  an  informal  meeting  on  September  30,  1949.    Representatives  of  the 
government  agencies  concerned  with  the  use  of  pesticides  or  with  respiratory 
protection  met  to  consider  the  need  for  such  protective  devices  against  the  many 
new  pesticides  that  were  coming  into  use.    As  a  result  of  this  meeting,  two  conferences 
were  held  by  representatives  of  these  agencies  and  manufacturers  of  respiratory 
protective  equipment.    The  manufacturers  were  invited  to  submit  devices  that  might 
provide  suitable  protection.    These  were  evaluated  by  the  Bureau  of  Entomology  and 
Plant  Quarantine.    On  May  4,  1950,  the  Interdepartmental  Committee  issued  a  list 
of  five  respirators  that  had  been  found  to  give  a  high  degree  of  protection  from  dusts, 
mists,  and  low  vapor  concentrations  of  parathion  in  field  use.    Subsequently,  lists 
of  respirators  and  gas-mask  canisters  found  to  give  adequate  protection  against 
other  pesticides  were  issued  by  the  Bureau  on  August  24,  1951,  and  May  1,  1952;  and 
by  the  Agricultural  Research  Service  on  July  12,  1954  (revised  August  9,  1954);  June 
27,  1955;  April  29,  1957;  July  22,  1957;  and  March  20,  1961. 


1/  This  publication  contains  all  information  available  as  of  August  31,   1962  and 
supersedes  all  releases  and  publications  on  this  subject  by  the  Department. 


2/ 
In  November  1951,   Fulton  and  coworkers  in  the  Bureau  (1)—    described  test 

methods  for  determining  the  protective  efficiencv  of  respirator  cartridges  and  gas- 
mask canisters.    In  August  1955,   Fulton  et  al.   (4)  reported  on  testing  methods  used 
and  respiratory  protective  devices  for  insecticides  in  agricultural  use.     In  January, 
1957,   Fulton  andMcClellan  (2)  reported  on  respirators  and  gas-mask  canisters  found 
effective  against  several  representative  fungicides  and  nematocides.    In  August  and 
September  1958,   Fulton  and  Smith  (3)  described  in  detail  the  methods  used  in  testing 
respiratory  devices  against  pesticides,  and  they  tabulated  all  the  information  obtained 
up  to  that  time.    In  brief,  the  methods  usually  comprised  drawing  pesticide-laden 
air  through  the  cartridge  or  canister  into  a  chamber  containing  insects  (aphids  and 
spider  mites)  of  known  age  on  plants.     By  observing  the  rate  of  fall  of  the  insects 
from  the  plants,  for  most  insecticides,  the  effectiveness  of  the  device  under  test 
in  removing  the  pesticide  from  the  air  stream  could  be  determined  in  a  few  minutes. 
In  the  case  of  fungicides,  the  air  after  passage  through  the  cartridge  or  canister  was 
analyzed  by  methods  cited  by  Fulton  and  McClellan  (2) . 

TYPES  OF  RESPIRATORY  DEVICES 

Two  kinds  of  respiratory  protective  devices  are  in  general  use  —  chemical 
cartridge  respirators  (hereinafter  referred  to  as  respirators)  and  gas  masks.    Most 
respirators  are  designed  as  half- face  masks  that  cover  the  nose  and  mouth  but  do  not 
protect  the  eyes  (figs.  1,  2).    They  have  one  or  two  cartridges  attached  to  the  face- 
piece  by  a  clamp  or  secured  in  a  holder.    The  respirator  facepieces  are  equipped 
with  one-way  valves,  which  allow  the  inhaled  air  to  pass  through  the  cartridges  but 
prevent  the  exhaled  moist  breath  from  passing  through  the  cartridges.     Gas  masks 
usually  are  made  to  cover  the  entire  face  (fig.  3).     Their  facepieces  are  made  to 
hold  a  canister  directly  or  to  connect  to  the  canister  by  means  of  a  flexible  hose. 
The  canister  of  the  hose  type  is  carried  on  the  chest  or  back  by  means  of  straps. 

Respirator  cartridges  usually  contain  an  absorbing  material  such  as  activated 
charcoal.    All  the  respirators  listed  in  this  report  also  have  very  efficient  filters, 
which  remove  dust  and  spray  particles  and  thus  prolong  the  life  of  the  absorbing 
material.     Gas-mask  canisters  always  contain  more  absorbing  material  and  longer 
life  filters  than  respirator  cartridges.    The  volume  of  chemical  absorbing  cartridges 
and  gas-mask  canisters  varies  from  50  to  100  ml.     (usually  the  latter)  for  cartridges, 
180  to  500  ml.  for  chin-style  canisters,  and  750  to  1,  800  ml.  for  chest- type  canisters. 
Cartridges  and  chin- style  canisters  have  a  shorter  useful  life  than  regular  canisters 
because  of  the  smaller  volume  of  sorbent  material  in  them. 


2/   Numbers  in  parentheses  after  the  authors'  names  refer  to  Literature  Cited 
at  the  end  of  this  report. 
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U.  S.  Bureau  of  Mines  requirements  stipulate  a  gas-mask  canister  life  of  one- 
half  hour  when  the  device  is  worn  by  men  performing  moderate  exercise  in  gas 
concentrations  up  to  2  percent.    The  life  of  the  canister  will  vary  according  to  the 
concentrations  encountered,  e.g.  ,  1  hour  for  1  percent.    The  life  of  chemical 
absorbing  cartridges  or  canisters  will  also  be  affected  by  humidity,  temperature, 
and  volume  of  breathing.    High  humidity  shortens  the  life  of  cartridges  and  canisters 
in  use  and  in  storage.    Mist,  sprays  of  water,  and  rain  reduce  the  effective  period 
of  the  units.    Our  tests  have  shown  that  cartridges  and  canisters  in  storage  will 
gradually  lose  their  effectiveness  because  of  the  exchange  of  air  within  the  unit  due 
to  changes  in  temperature  and  atmospheric  pressure. 

An  interesting  supplied-air  respirator  (fig.  4)  has  a  combination  blower-filter 
with  a  breathing  hose  leading  to  a  hood  worn  by  the  operator.  It  incorporates  both 
a  safety  helmet  and  a  face  shield.  The  unit  supplies  purified  air  which  has  passed 
through  filters  for  removing  dust  or  spray  particles  and  insecticide  vapors.  Units 
for  mounting  on  tractors  or  application  equipment  (fig.  5)  are  obtainable  for  operation 
on  6-  to  24-voltdirect  or  115-volt  alternating  current. 

Because  of  the  difference  in  their  protective  capacity,  gas  masks,  not  respira- 
tors, must  be  worn  when  pesticides  are  formulated  or  mixed  in  close  or  inadequately 
ventilated  spaces  or  when  operators  are  exposed  directly  to  concentrated  dusts, 
sprays,  or  aerosols,  as  in  greenhouses,  indoors,  or  at  the  rear  of  a  power- drawn 
rig.     For  special  operations,  such  as  dusting  or  spraying  under  tobacco  shade  cloth 
or  in  citrus  groves  on  hot  days,  a  half-mask  facepiece  with  a  regular  gas-mask 
canister  is  available.    To  protect  the  eyes  under  these  conditions  nonfogging  goggles 
are  desirable.    These  can  be  purchased  wherever  welding  supplies  or  underwater 
and  diving  equipment  is  sold. 

For  fumigation  workers  in  ship  holds  and  below  the  surface  in  grain  elevators, 
where  low  oxygen  content  may  be  encountered,  a  hose  mask  with  blower  or  a  self- 
contained  air-supply  unit  must  be  used.    The  hose  mask  is  connected  to  an  air 
source  free  of  the  toxic  material.    Demand- type  masks  connected  to  a  compressed- 
air  cylinder  also  can  be  used  for  short  periods.    These  cylinders  are  available  in 
various  sizes  —  the  most  common  size  contains  22  cubic  feet  of  air,   enough  for 
15  to  20  minutes'  service.    The  use  of  an  oxygen  mask  is  not  favored  by  some 
authorities  where  heavy  work  is  involved,  because  this  type  of  mask  requires  a 
period  for  the  lungs  to  adjust  to  normal  breathing. 
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USE  AND  CARE  OF  RESPIRATORS 

The  use  of  respirators  is  advised  for  protection  from  dusts  or  mists  during 
field  handling  of  the  pesticides  listed  in  table  1,    Instructions  given  on  pesticide  labels 
concerning  respiratory  protection  should  be  carefully  observed.    The  use  of  respira- 
tors is  not  a  substitute  for  essential  precautions.    Protective  equipment  herein 
discussed  is  indicated  for  use  when  mixing  or  handling  all  pesticides  in  poorly 
ventilated  areas  or  at  high  temperatures.    Under  open  field  conditions,  protective 
equipment  may  not  be  required  while  applying  dilute  dusts  or  water  sprays  of  naled, 
Sevin,  malathion,  and  ronnel.— 

It  is  necessary  that  respirators  be  used  in  handling  pesticides  during  the  loading 
of  distribution  equipment  (fig.   6),  when  containers  are  being  disposed  of,  and  whenever 
operators  are  exposed  to  obvious  amounts  of  dusts  or  mists  of  the  more  dangerous 
pesticides.     Field  operators  who  may  be  exposed  continuously  during  the  day  or  for 
successive  days  to  small  amounts  of  toxic  pesticides  —  even  those  not  readily 
detectable  —  should  faithfully  use  respirators  as  a  precaution. 

Respirators  will  give  adequate  protection  to  airplane  pilots  during  normal 
dusting  or  spraying  operations,  but  gas  masks  are  necessary  when  there  is  exposure 
to  high  concentrations  of  the  more  toxic  pesticides.    Pilots  should  take  care  to  select 
and  wear  goggles  that  give  a  tight  seal  with  the  respirator  around  the  nosepiece. 

When  respirators  are  used,  the  following  practices  are  necessary: 

(1)  Change  filters  twice  a  day  or  oftener  if  breathing  becomes  difficult. 

(2)  Change  cartridges  after  8  hours  of  actual  use  or  oftener  if  any  odor  of  the 
pesticide  is  detected. 

(3)  Remove  filters  and  cartridges  and  wash  the  facepiece  with  soap  and  warm 
water  after  use.    After  washing,  rinse  it  thoroughly  to  remove  all  traces 
of  soap.    Dry  the  facepiece  with  a  clean  cloth  that  is  not  contaminated  with 
the  pesticide.    Place  the  facepiece  in  a  well- ventilated  area  to  dry. 

(4)  Store  the  respirator,  filters,  and  cartridges  in  a  clean,  dry  place  —  prefera- 
bly in  a  tightly  closed  paper  or  plastic  bag. 

The  respirator  should  be  fitted  properly  on  the  face,  not  too  high  on  the  nose, 
with  the  narrow  part  over  the  bridge  of  the  nose,  and  the  chin  cup  contacting  the 
underside  of  the  chin.    Headbands  should  be  adjusted  just  tightly  enough  to  insure  a 
good  seal  (fig.  3).    Manufacturers  can  supply  special  facepieces  if  the  standard  one 
does  not  fit. 


^/    The  mention  of  proprietary  products  does  not  constitute  their  endorsement 
by  the  U.S.  Department  of  Agriculture. 
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CONDITIONS  REQUIRING  GAS  MASKS 

Respirators  do  not  provide  needed  protection  from  inhalation  of  pesticide  dusts, 
mists ,  and  vapors  for  operators  formulating  or  mixing  pesticides  in  closed  or 
inadequately  ventilated  spaces.     Full-face  gas  masks  equipped  with  tested  canisters 
are  worn  under  these  conditions.    In  addition,  proper  protective  clothing  as  specified 
on  the  pesticide-container  label  should  be  worn  when  applying  pesticides  in  greenhouses 
or  other  enclosed  spaces  (fig.  7). 

When  applying  grain  fumigants,  recommendations  of  the  fumigant  manufacturer 
should  be  followed  closely.    In  some  situations,  as  when  pouring  concentrated 
fumigating  material  directly  on  the  surface  of  grains ,  there  may  be  very  high 
concentrations  of  gas  close  to  the  air  inlet  of  the  gas-mask  canister.    The  concentra- 
tion of  the  gas  in  the  intake  air  may  be  reduced  by  mounting  the  canister  on  the  back 
(fig.  8). 

OTHER  ESSENTIAL  PRECAUTIONS 

The  use  of  respiratory  protective  devices  does  not  eliminate  the  need  for  other 
precautions  in  handling  toxic  pesticides.    Provide  for  addquate  ventilation  of  the  area 
where  pesticides  are  loaded  or  mixed.    Always  wear  well-constructed  natural-rubber 
latex  gloves  when  handling  concentrated  materials .    Check  the  condition  of  the  gloves 
frequently  and  discard  them  if  they  develop  pinholes  or  breaks.    If  any  of  the  organic 
phosphorus  insecticides  are  spilled  on  the  skin  or  clothing,  wash  immediately  with 
laundry  soap.    Never  wear  clothes  that  have  been  contaminated  with  pesticides  until 
they  have  been  washed.    If  at  any  time  the  concentrated  pesticide  is  spilled,  cover  it 
immediately  with  dirt,  clay,  or  sand.    Then  cover  the  contaminated  area  with  washing 
soda  or  lime. 

If  an  operator  shows  any  sign  of  dizziness  or  nausea,  he  should  immediately  be 
removed  from  the  area  and  placed  in  the  care  of  a  physician  before  he  returns  to  work. 

LIST  OF  RESPIRATORS  AND  GAS-MASK  CANISTERS 

The  commercially  available  respirators  and  gas-mask  canisters  that  have  been 
tested  and  found  to  give  adequate  protection  against  dusts,  mists,  and  low  vapor 
concentrations  of  certain  pesticides  are  listed  below.    In  developing  and  testing  new 
designs  for  respiratory  protective  equipment,  we  have  tested  each  device  against  the 
pesticides  for  which  it  actually  will  be  used.    Following  the  list  is  a  table  showing 
the  particular  pesticides  against  which  each  respirator  or  cajiister  will  give  protection. 
It  should  be  noted  that  some  of  the  devices  are  limited  in  their  range  of  effectiveness. 
Cartridges  and  canisters  that  protect  against  individual  pesticides  do  not  always  give 
adequate  protection  against  mixtures  of  the  same  pesticides.    Before  a  facepiece, 
cartridge,  or  canister  is  purchased,  its  range  of  usefulness  should  be  checked. 
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Respirators  With  Face-Mounted  Cartridges 

A.  Respirator  No.  5055,  equipped  with  R-55  filter  and  cartridge  unit.    Two  units 

attached  to  facepiece.     (American  Optical  Co.  ,  Safety  Division) 

B.  Healthguard  Respirator  style  95,  equipped  with  Code  B  cartridge  and  filter  1000 

or  1001.     One  unit  attached  to  facepiece.     (Chicago  Eye  Shield  Co.) 

C.  DCA  6100  Respirator,  with  Para- A  cartridge  and  DC  6100-7  felt  filter. 

(Pulmosan  Safety  Equipment  Corp.) 

D.  Agrisol  Dust  and  Vapor  Respirator,  equipped  with  R-414  filter  and  11- A  cartridge. 

Two  units  attached  to  facepiece.     (Ray- O- Vac  Co.  ,  Willson  Products  Division) 

E.  Respirator  No.  5561,  equipped  with  filter  cartridge  combination  R-561. 

(American  Optical  Co.  ,  Safety  Division) 

F.  Farm  Spray  Respirator  No.   CR-72183,   equipped  with  cartridge  No.  CR-49293 

and  filter  No.  73488.     (Mine  Safety  Appliances  Co.) 

G.  All  Vision  Chemical  Cartridge  Respirator  No.  CR-74910,  equiped  with 

inner  cartridge  No.  CR-  73841  and  outer  cartridge  No.  73927.    (Mine 

Safety  Appliances  Co.) 
H.     Agritox  Respirator,  equipped  with  cartridge  No.  IIA  (new  type)  and  filter  No.  R490. 

(Ray-O-Vac  Co.  ,  Willson  Products  Division) 
I.      Respirator  No.  5058,  with  filter-cartridge  combination  R-58.     (American  Optical 

Co.  ,  Safety  Division) 
J.      C-241  Respirator,  with  CMP  cartridge  and  C-241-7  filter.     (Pulmosan  Safety 

Equipment  Corp.) 
K.     Gasfoe  Respirator  No.  CM-86007,  equipped  with  cartridge  No.  CM-76883  and 

mineral-wool  filter  No.  CM-79786.     (Mine  Safety  Appliances  Co.) 

Supplied- Air  Respirators 

a.  Whitecap  Model  SU-1  with  No.  901  rubberized  shroud,  No.  301  cartridge,  and 

No.  101  filter  element.     (Jamieson  Laboratories,  Inc.) 

b.  Same  as  L,  except  with  extra  fine  No.  102  filter  element.     (Jamieson  Laboratories, 

Inc.) 

Gas-Mask  Canisters 

1.  Chin  Style  (282-OVAG-F)  Insecticide  Canister.     (Acme  Protection  Equipment  Co.) 

2.  Canister  GMC-1.     (Mine  Safety  Appliances  Co.) 

3.  Canister  G3FD.     (Ray-O-Vac  Co.  ,  Willson  Products  Division) 

4.  Universal-type  canister  of  any  manufacturer.     Type  N,  bearing  Bureau  of 

Mines  approval. 

5.  Military  Canister  No.  084-Military.   (Acme  Protection  Equipment  Co.) 

6.  Canister  No.  H-3,  equipped  with  facepiece  filter  holder  and  throwaway  filter 

No.  R361  or  R393,    Can  be  obtained  with  either  a  full-face  gas  mask  or  a 
half-mask  facepiece.    The  half-mask  facepiece  should  not  be  used  when 
mixing  or  handling  insecticides  in    enclosed  spaces  or  applying  aerosols  in 
greenhouses,  but  is  suitable  for  field  use.     (Ray-O-Vac  Co.,  Willson  Products 
Division) 

-  6  - 


7.      Canister  No.  3235  T3^e  C-40.   -(Davis  Emergency  Equipment  Co.) 

The  addresses  of  the  companies  supplying  these  respirators  and  gas  masks  are 
given  below. -^    Respirators  are  also  available  from  pesticide  distributors  and  mail- 
order houses. 

Acme  Protection  Equipment  Co. ,  1201  Kalamazoo  St. ,  South  Haven,  Mich. 
American  Optical  Co.,  Safety  Division,  Southbridge,  Mass. 
Chicago  Eye  Shield  Co.  ,  2300  Warren  Blvd.  ,  Chicago,  111. 
Davis  Emergency  Equipment  Co. ,  45-57  Halleck  St.  ,  Newark  4,  N.J. 
Jamieson  Laboratories,  Inc.  ,  7900  Haskell  Ave.  ,  Van  Nuys,  Calif. 
Mine  Safety  Appliances  Co. ,  201  North  Braddock  Ave. ,  Pittsburgh  8,  Pa. 
Pulmosan  Safety  Equipment  Corp.  ,  644  Pacific  St. ,  Brooklyn  17,  N.  Y. 
Ray-O-Vac  Co.,  Willson  Products  Division,  Reading,  Pa. 


4/   No  discrimination  is  intended  against  any  company  not  mentioned,  nor  is  any 
guarantee  implied  for  the  products  of  the  listed  companies. 
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Figure  1. — Commercially  available  respirator  adequate  for  protection 
against  pesticides. 


Figure  2. — Wearing  respirator  during  power  spraying. 
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Figure  3. — Gas  mask,  showing  proper  adjustment  of  facepiece. 
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Figure  6. — Wearing  respirator  while  loading  spraying  equipment 
with  insecticide  concentrate. 
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Figure  7. — Gas  mask  and  protective  clothing  used  during 
aerosol  treatment  in  greenhouse. 


Figure  8. — Gas  mask  with  canister  mounted  on  back  of  operator 
to  reduce  concentration  of  gas  in  intake  air  while  applying  grain  fumigant. 
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